A preparation method of total DNA from Lipomyces yeasts was improved in order to exclude extracellular acidic polysaccharide thoroughly. The method combined an ultracentrifuge and polyethylene glycol precipitation with the usual method. The total DNAs obtained were analyzed for G＋C content and by DNA-DNA hybridization. The results all agreed almost completely with literature data. All the DNA samples prepared using this method were pure enough for these taxonomic analyses and could also be used as templates of PCR for ampliˆ-cation of small subunit ribosomal DNA and the internal transcribed spacer region.
We developed a new method for isolating soil yeasts 1) and have been using it to isolate Lipomyces yeasts from various soil samples in Japan. Up to the present, we have isolated about 300ˆeld strains, and started selecting strains having a high ability to degrade triazine herbicides 2) and good producers of useful lipids or polysaccharides. To identify theˆeld strains and analyze the phylogenetic relationships in Lipomyces yeasts, total DNAs were prepared from some of theˆeld strains and laboratory stock cultures by the usual rapid method.
3) However, the DNA samples were often contaminated with a certain amount of RNA. The G+C content analysis with HPLC is not aŠected by contamination with RNA because of the direct measurement of each nucleoside. On the other hand, even a small amount of RNA interferes with the hybridization process of a DNA relatedness analysis. Because Lipomyces yeasts produce a large amount of extracellular polysaccharide, the primary cause of RNA contamination during puriˆcation of DNA is considered to be the existence of acidic polysaccharide in the DNA samples. This problem led us to improve the method for preparation of DNA in order to su‹ciently exclude extracellular acidic polysaccharide.
L The YM medium was composed of D-glucose, 10 g; yeast extract, 3 g; malt extract, 3 g; and peptone, 5 g; in 1,000 ml of deionized distilled water. YEPD medium consisted of 4z glucose, 0.5z KH2PO4, 0.2z MgSO4 ・7H 2 O, 0.5z yeast extract, and 1z peptone. One loop of the seed culture on a YM slant medium was added to 100 ml of the YEPD medium in a 500-ml culture ‰ask and cultured at 259 C on a reciprocal shaker until reaching an optical density (OD) of 1.0 at 660 nm. One ml of this culture was transferred to a ‰ask containing 100 ml of the ‰esh YEPD medium and incubated in the same way until the OD reached 1.0 at 660 nm. The cells were harvested and washed with distilled sterile water and saline-EDTA (0.15 M NaCl, 0.1 M EDTA, pH 8.0, autoclaved at 1219 C for 15 min) by centrifugation. The cells were resuspended in saline-EDTA and stored in a refrigerator at "359 C until use.
To disrupt the cells, frozen cells thawed in a water bath at 30-409 C were washed with saline-EDTA and resuspended in the same solution. The suspension was brought to an OD of 60-80 at 660 nm. Three ml of the cell suspension was pipetted into a test tube (20×200 mm) containing 7.5 g of glass beads 
Relative amount for DNA of RNA was represented by the ratio of (area of guanosine) W (area of deoxyguanosine) in the G+C analysis with HPLC, because the separation of guanosine was the best. S. D.: standard deviation (N＝4) (1.00-1.05 mm in diameter). After cooling in an ice bath for 30 min, the test tube was set on a Taitec MixTower Model A-14 (Taitec Corporation, Koshigaya; 14 test tubes can be simultaneously set in this model). The test tube was shaken (2500 rpm, 49 C) until the degree of cell breakdown exceeded 80z (30-40 min) as measured by counting cell numbers microscopically before and after the disruption.
An improved preparation method for total DNA from Lipomyces yeasts was as follows: after the addition of 0.2 ml of Tris-SDS (1 M Tris W HCl, 10z SDS, pH 9.0), the test tube was stirred and incubated at 609 C for 10 min. An equal volume of phenol solution (phenol: chloroform: isoamyl alcohol＝25:24:1) was added to the test tube, and the solution was mixed by stirring and then centrifuged (1500×g, 10 min). After transferring the aqueous phase to a fresh polypropylene tube, an equal volume of a TE buŠer (10 mM Tris W HCl, 1 mM EDTA, pH 8.0) was added to the organic phase. The test tube was centrifuged (1500×g, 10 min), and the second aqueous phase was combined with theˆrst one. A phenol extraction as above was repeated. The aqueous solution was concentrated to about half the volume of the solution just before the addition of the phenol solution by extraction with 1-butanol, and lingering traces of phenol were removed from the aqueous solution by ether extraction. Two volumes of ethanol was added carefully to the tube so that two phases were formed. The contents were mixed gently to make the DNA precipitate at the interface. After the solution was discarded, the precipitate was dried in vacuo and redissolved in a minimum volume of TE buŠer (1-2 ml) (Step 1). The solution was transferred to a Hitachi 10PC thick-walled tube in a Hitachi P90AT rotor, set on a Hitachi Himac CP100a ultracentrifuge (Hitachi Koki, Co., Ltd., Katsuta), and centrifuged at 125,000×g for 25 min at 49 C (Step 2). The supernatant was transferred into a fresh polypropylene tube. A 100 th volume of RNase solution (5 mg W ml ribonuclease Type III-A, Sigma, 10 mM Tris W HCl, 15 mM NaCl, pH 7.5, incubated in boiled water for 15 min) was added to the supernatant solution, and the mixture was incubated at 379 C for 1 hr. The same volume of RNase solution was added again and the mixture was incubated for 2 hr. Proteins in the DNA solution were digested by adding a 100 th volume of proteinase solution (20 mg W ml proteinase K, Wako Pure Chemical Industries, Ltd., Osaka) and incubating for 3 hr at 659 C. A phenol extraction and a butanol concentration as above were repeated. After the addition of one-tenth volume of a CH3COONa solution (3 M CH3COONa, pH 5.2, autoclaved at 1219 C for 15 min), two volumes of ethanol was added carefully to the tube, and two phases were formed. The contents were mixed gently to make a DNA precipitate similar to a cocoon at the interface. The solution was discarded, and the precipitate was washed with 70z ethanol, dried in vacuo, and redissolved in a minimum volume of a TE buŠer (0.2-0.5 ml) (Step 3). An equal volume of a polyethylene glycol (PEG) solution (13z polyethylene glycol 6000, Wako Pure Chemical Industries, Ltd., 1.6 M NaCl) was added to the DNA solution and kept at 49 C for 1 hr. The solution was centrifuged (10,000×g, 1 min), and the precipitate was washed with 70z ethanol and redissolved in about a half volume of TE buŠer before the addition of the PEG solution. An ethanol precipitation as above was repeated (Step 4). The procedures from the RNA digestion by RNase to the ethanol precipitation of Step 3 were repeated (Step 5). An ethanol precipitation was repeated (Step 6).
The concentration of the DNA solution was measured in a TE buŠer with a Hitachi U-2000 spectrophotometer (Hitachi Ltd., Tokyo) and 50-ml microcuvettes (Hitachi Ltd., Tokyo). DNA samples having an A260 W 280 ratio of 1.8-1.9 were used for further experiments and the others were puriˆed again 3) (from the RNA digestion to the ethanol precipitation of Step 3).
The purity of the prepared DNA was analyzed with the G+C content measurement by the procedure described by Mesbar et al. 4) Table 1 shows the purity of the DNA sample relative to residual RNA. All samples by the usual rapid method included a certain amount of RNA (3.8-22.5z). When an ultracen- trifuge and a PEG precipitation were added to the puriˆcation procedures, only a trace of RNA (Å0.8z) or no RNA (º0.1z) were detected in the samples. The G+C contents of the 12 stock strains and 6ˆeld strains are shown in Table 1 . All of the standard deviations (N＝4) were less than 0.3z, and the all values of the 5 type strains agreed with estimates obtained using the Tm method, 5) even though they were slightly lower.
The solution of the dissolved crude DNA just after the ethanol precipitation of Step 1 was turbid and white, which was probably caused by the coexistence of a large amount of acidic polysaccharide. To test this possibility, suspension of the pellet of Step 2 (CBS 1807 T , JCM 6000 T , IFO 10375 T ) was analyzed by a phenol-sulfuric acid method. 6) In assay reactions with the sample from three strains, the color of the solution changed to brown, indicating the presence of a large amount of sugars. We predicted that the contaminating sugars might be derived from a polysaccharide produced by Lipomyces strains, and the concentration of a polysaccharide in the samples in Steps 2 and 6 was analyzed (Table 2) . Sample solution was treated by nuclease P1 (Nuclease P1, Seikagaku Corporation, Tokyo) and put on in a 0.01-ml portion to a TSK-GEL G6000 PWXL column (7.5×300 mm, Tosoh, Tokyo) on a Shimadzu LC-6A HPLC system (Shimadzu Corporation, Kyoto) with distilled water as an eluent at a ‰ow rate of 0.6 ml W min at 609 C. The elution was monitored with a Shimadzu LC-6A refractive index detector (Shimadzu Corporation). For an analytical control, polysaccharide was prepared from a culture medium of L. starkeyi IAM 4753 Fr strain by isopropanol precipitation, dialysis, and lyophilization. When supernatant-and pellet fractions of Step 2 were put on to a TSK G6000 column, a peak appeared at 7.2 min in both samples. The retention time of this peak was identical to that of the puriˆed polysaccharide. The concentrations of polysaccharide in the supernatant fractions were much lower than those in the pellet fractions (Table 2) . On the other hand, a peak of the polysaccharide was not detectable (º0.01) with the last ethanol precipitates of
Step 6.
The microplate-hybridization method described by Kaneko et al.
3) was used to measure DNA relatedness in the type strains ( Table 3 ). The mean value was calculated from at least two measurements. The values were almost the same as the results of Smith et al.
7)
These results indicated that the sample DNAs were pure enough for DNA relatedness analysis.
DNA samples prepared by the method described here could also be used as templates of PCR for ampliˆcation of small subunit ribosomal DNA and the internal transcribed spacer (ITS) region using primers 5?-ATCTGGTTGATCCTGCCAGT-3? and 5?-TCC-TCCGCTTATTGATATGC-3?. Each ampliˆcation cycle consisted of 30 s at 949 C, 1 min at 559 C, and 3 min at 729 C. After 30 cycles of a chain reaction and subsequent incubation at 729 C for 10 min, the PCR product was analyzed by electrophoresis (Fig. 1) . All of the templates successfully produced a clear main fragment as shown in Fig 1. A comparison of a draft sequence of L. starkeyi CBS 1807 T (data not shown) with that of S. cerevisiae on Gen Bank data base revealed that the sizes of 18S rDNA, 5.8S rDNA, ITS1, and ITS2 were identical with those of S. cerevisiae, respectively (total 2.3 kb), and large introns (total 4.2 kb) were inserted. Because DNA from nine strains including CBS 1807 T gave rise of PCR products larger than 2.3 kb, some introns may be contained in this region of the other eight strains. The relations between size, position, or sequence of the introns and other taxonomic features of the strains are currently under study.
It is demonstrated here that the improved method very eŠectively worked in order to extract pure total DNA from Lipomyces yeasts. This method is composed only of convenient procedures and does not need special machines, instruments or reagents except for the ultracentrifuge. Though we did not exa- Fig. 1 . Electrophoresis of the Ampliˆed Fragments.
Electrophoresis was done for 30 min at 100 V in 90 mM Trisborate-2.5 mM EDTA (pH 8.2) using 1z agarose gel. One ml of the PCR mixture was put on. mine the quantity of the polysaccharide and RNA in each puriˆcation process in detail, we consider that the primary cause of the contamination of RNA is a large amount of polysaccharide. A large amount of the polysaccharide may interfere with formation of a cocoon of DNA precipitate, thus, the separation of DNA with giant molecules and low-molecular-size RNA must not work. When the once a large amount of polysaccharide was removed, the remaining polysaccharide and RNA were su‹ciently separated by the following ethanol and PEG precipitations (Tables  1, 2 ).
The improved method does not contain a separation process for mitochondrial or plasmid DNA. Our preliminary screening revealed the fact that 10 stock strains and 23ˆeld isolates have no plasmid DNA. The total DNA mentioned here, therefore, must contain genomic and mitochondrial DNA. The total DNAs obtained were measured for G+C content and DNA-DNA hybridization analyses. The results all agreed almost completely with the literature data, 5, 7) and it was shown that the distinction was su‹ciently possible by the DNA relatedness analysis using the total DNAs for 5 species of genus Lipomyces. At present, we have about 300 isolates considered to be Lipomyces yeasts, so it is advantageous that the simplicity of this method may identify manyˆeld strains. The main focus of our studies is the isolation of strains having a high ability to degrade triazine herbicides and good producers of useful lipids or polysaccharides and the estimation of the population of Lipomyces yeasts in Japan. Further studies will then provide valuable data in taxonomic studies of Lipomyces yeasts, which are becoming a model taxon for the demarcation of the typological species in terms of geographically and reproductively isolated populations. 7, 8) 
